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Oxygen spaAbstract Ozone has been used successfully for the treatment of various diseases for more than a dec-
ade. Its unique properties include immunostimulant, analgesic, antihypnotic, detoxicating, antimicro-
bial, bioenergetic and biosynthetic actions. Its atraumatic, painless, non invasive nature, and relative
absence of discomfort and side effects increase the patient’s acceptability and compliance thus making
it an ideal treatment choice specially for pediatric patients. This review is an attempt to highlight var-
ious treatment modalities of ozone therapy and its possible clinical applications in future.
 2016 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is
an open access article under the CCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Contents
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Ozone (O3) is a natural gaseous molecule made up of three
oxygen atoms. The word ozone originates from the Greek
word ozein, which means odor and was first used in 1840 by
German chemist Christian Friedrich Schonbein ‘‘The father
of ozone therapy.”1 The stratosphere layer of the atmosphere
contains abundance of ozone2 and it protects the living organ-
isms from the ultraviolet rays. Ozone is heavier than air and
hence it falls downward to earth from such high altitudes.3 It
cleanses the air and combines with any pollutant that it comes
in contact. This is earth’s natural way of self-cleansing.4
Since more than 100 years medical grade ozone has been
used as one of the non-medication methods of treatment.
The first dentist to use ozone therapy in his practice was E.
A. Fisch in the 1930’s, to aid in disinfection and wound healing
during dental surgeries.5 The main use of ozone in dentistry
relays on its antimicrobial properties.6
Ozone therapy can be defined as a versatile bio-oxidative
therapy in which oxygen/ozone is administered via gas or dis-
solved in water or oil base to obtain therapeutic benefits.7
2. Structure
Three oxygen atoms constitute to form a tri-atomic molecule
of ozone. Equal oxygen – oxygen bonds bound them together
at an obtuse angle of 116 C. The structure of ozone has an
internal steric hindrance that prevents it from forming a trian-
gular structure.8 As a result of this, instead of forming the
expected double bonds each oxygen atom forms a single bond
with the another oxygen atom resulting in a negative charge
throughout the ozone molecule.2
3. Properties
Ozone exists as colorless gas, with a pungent odor at room
temperature, detectable even at concentrations as low asPlease cite this article in press as: Tiwari S et al. Dental applications of ozone therapy
doi.org/10.1016/j.sjdr.2016.06.0050.02–0.05 ppm.9 Its half life varies with temperature variation.
At 20 C it has a half-life of 40 min at 0 C about 140 min.10
4. Ozone production
Oxygen molecules in the air combines under the influence of
factors such as ultraviolet radiation (from the sun) and electri-
cal discharges (lightning). Intense physical stress on water
(such as in areas of waterfalls and ocean waves crashing onto
rocks) also results in production of ozone in nature.11 For
medical use highly specific gazettes known as Ozone Genera-
tors are used for production of ozone. Medical grade oxygen
is made to flow through high voltage tubes with outputs rang-
ing from 4000 V to 14000 V. The Ozone Generators work on
one of the three principles: Ultra-violet light lamp, Corona dis-
charge or Cold plasma.12–14 In dentistry, there are two widely
used ozone units : the heal ozone15 and ozotop.11
5. Mechanism of action
Ozone therapy has a wide range of applications in treating
various diseases owing to its unique properties including
antimicrobial, immunostimulant, analgesic, antihypnotic,
detoxicating, bioenergetic and biosynthetic actions.
5.1. Anti-microbial effect
Ozone causes inactivation of bacteria, viruses, fungi, yeast and
protozoa. It disrupts the integrity of the bacterial cell envelope
by oxidation of phospholipids and lipoproteins. Ozone at low
concentration of 0.1 ppm, is sufficient to inactivate bacterial
cells including their spores.16 In fungi, O3 inhibits cell growth
at certain stages, budding cells being the most sensitive.17 With
viruses, the O3 damages the viral capsid and upsets the repro-
ductive cycle by disrupting the virus-to-cell contact with
peroxidation.18: A review of literature, The Saudi Journal for Dental Research (2016), http://dx.
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Ozone therapy causes an increase in the red blood cell glycol-
ysis rate. This leads to the stimulation of 2,3-diphospho-
glycerate leading to an increase in the amount of oxygen
released to the tissues. Ozone activates the Krebs cycle by
enhancing oxidative carboxylation of pyruvate, stimulating
production of ATP. It also causes a significant reduction in
NADH and helps to oxidize cytochrome C. There is stimula-
tion of production of enzymes which act as free radical
scavengers and cell-wall protectors: glutathione peroxidase,
catalase and superoxide dismutase and prostacycline, a
vasodilator.19
5.3. Activation of immune system
Ozone administered at a concentration of between 30 and
55 lg/cc causes the greatest increase in the production of
interferon and the greatest output of tumor necrosis factor
and interleukin-2 that launches an entire cascade of subsequent
immunological reactions.20
5.4. Mechanism of action of O3 on the human lung
Ozone exposure induces a significant mean decrement in vital
capacity. It significantly increases mean airway resistance and
specific airway resistance but does not change dynamic or
static pulmonary compliance or viscous or elastic work. It also
significantly reduces maximal transpulmonary pressure. And
further more significantly increases respiratory rate and
decreases tidal volume.20
6. Dental applications
Ozone therapy presents great advantages when used as a
support for conventional treatments and is indicated for use
in a wide range of dental specialties.21
6.1. Ozone and oral pathogens
Oral lesions are caused by various etiological factors; micro-
organisms playing a major role for the same.22 Elimination
of these microbial pathogens form the mainstay of an effective
dental treatment. Various bacteria have been studied in rela-
tion to ozone treatment. It has been reported that an exposure
of about 60 s exhibited 99.9% killing efficiency against cario-
genic bacteria such as Actinomyces naeslundii, Streptococcus
mutans and Lactobacillus casei. However, exposure for such a
long period showed degradation of salivary proteins and hence
10 s–30 s of exposure was proven to be effective in killing a sig-
nificant number of bacteria. Considering the medium for the
survival rates of S. mutans and L. casei the salivary medium
depicted greater survival than the saline medium.23 Estrela
et al.24 demonstrated the effectiveness of ozone addition to
an ultrasonic cleaning system against Staphylococcus aureus
in infections of the oral cavity.
Numerous studies have observed the effect of ozone on a
wide variety of microorganisms involved in the formation of
biofilm : A. naeslundii, Veillonella dispar, Fusobacterium
nucleatum, Streptococcus sobrinus, Streptococcus oralis andPlease cite this article in press as: Tiwari S et al. Dental applications of ozone therapy
doi.org/10.1016/j.sjdr.2016.06.005Candida albicans25, S. mutans26 and Lactobacillus aci-
dophilus27, Streptococcus sanguis, Streptococcus salivarius, Por-
phyromonas gingivalis, Porphyromonas endodontalis and
Aggregatibacter actinomycetemcomitans.26 Some investiga-
tors26,27 reported a reduced number of bacteria and fungi after
in vivo treatment using ozonized water. In contrast, others
reported no significant success of ozone treatment in reducing
the microbiota.25 In fact, it was found that exposure to 2 mg/
liter ozone for 120 s was ineffective in completely eliminating
C. albicans.26
Kshitish et al.28 evaluated the effectiveness of ozone and
chlorhexidine against certain bacteria, viruses and fungi. They
recorded a 25% reduction in A. actinomycetemcomitans and no
antimicrobial effects in relation to P. gingivalis or Tannerella
forsythensis after application of ozone or chlorhexidine. The
antifungal effect of ozone has been found to exceed that of
chlorhexidine. However, no antiviral effects against Herpes
simplex virus (HSV-1 and 2), Human Cytomegalo-virus
(HCMV) and Epstein Bar virus (EBV) has been reported.
Bezirtzoglou et al.29 isolated various species of Streptococ-
cus species, Aerococcus viridians, C. albicans, S. aureus and
Staphylococcus epidermidis from toothbrushes of children
and found that maximum decontamination efficacy of ozone
treatment against toothbrush bristles microbiota was observed
after 30 min while exposure for short time periods seems to be
ineffective.
6.2. Ozone and oral tissues
Ozone application has various beneficial effects on the oral tis-
sues including remission of various mucosal alterations,
enhanced wound healing and increased turnover rate of oral
cells.
Huth et al.30 evaluated the biocompatibility of gaseous and
aqueous forms of ozone in relation to the established antimi-
crobials. They reported that ozone is a potential antiseptic
agent and the aqueous form showed less cytotoxicity than gas-
eous ozone or established antimicrobials (chlorhexidine diglu-
conate 2%, 0.2%; sodium hypochlorite- 5.25%, 2.25%;
hydrogen peroxide 3%) under most conditions. Therefore,
aqueous ozone fulfills optimal cell biological characteristics
in terms of biocompatibility for oral application.
The influence of ozonized water on the epithelial wound
healing process in the oral cavity was observed by Filippi.31
It was found that ozonized water applied on the daily basis
can accelerate the healing rate in oral mucosa. This effect is
more pronounced in the first two postoperative days.
In addition to these, various oral mucosal lesions such as
Herpes, Aphthous ulcers, Candidiasis, Denture stomatitis also
show marked resolution owing to the healing capacity of
ozone.
6.3. Ozone in treatment of dental caries
Dental caries is caused by an ecological niche of caries produc-
ing organisms. Much has been reported in the literature
regarding the effectiveness of ozone in the elimination of cari-
ous lesions. This is attributed not only to the marked anti
microbial properties of ozone but also to the fact that ozone
oxidizes the pyruvic acid produced by the cariogenic bacteria
to acetate and carbon dioxide.32: A review of literature, The Saudi Journal for Dental Research (2016), http://dx.
4 S. Tiwari et al.6.3.1. Management of pit and fissure caries
Deep pits and fissures are difficult to clean and hence are
highly likely to cause food lodgement resulting in bacterial
growth. Ozone application in such cases has been found to
be highly effective. Cleansing the fissures prior to ozone treat-
ment is recommended. This permits the ozone to readily access
the caries. After the ozone treatment, application of reminer-
alizing agent and sealing of the clean fissures is encouraged.33
Ozone removes the smear layer leaving behind the exposed
dentin that is occluded by the remineralizing agent applied.
Huth et al. concluded that ozone application significantly
improved non-cavitated initial fissure caries in patients at high
caries risk over a 3- month period.346.3.2. Prophylactic ozone treatment for restorative treatment
Corroborated evidence from in vitro studies indicates that the
ozone can be used as a prophylactic antimicrobial agent prior
to etching and placement of restorations.6.3.3. Management of root caries
Marked reversal and arrest of shallow non-cavitated root car-
ies lesions have been reported following the use of ozone as
part of a full preventive care regimen.35 The clinical results
are enhanced when this process is applied in conjunction to
the reduced frequency of consumption of fermentable carbo-
hydrates, increased use of fluoride- containing products and
improved oral hygiene. Arrest in the progression of non-
cavitary root caries, without the need for its removal has been
reported following regular application of ozone for 40 s, and
the use of remineralizing products.36
Ozone is the most effective in cases of shallow lesions since
it shows enhanced ability to penetrate lesions which are about
1mm deep at the maximum. The ozone unit must also be used
correctly; the ozone cap must be held directly against the caries
lesion allowing the ozone to penetrate the decay and biofilm.
Where there is a cavitated 4mm deep root caries lesion adja-
cent to the gingival margin, simply using ozone treatment
would probably not suffice. To manage this kind of a situation
the outer caries must first be removed, leaving about 1 mm of
caries over the cavity floor. Then the ozone treatment followed
by routine restoration is indicated.
Ozone should be considered an adjunct to existing treat-
ment and preventive methods rather than an isolated treat-
ment modality.6.4. Restorative dentistry
Evidence gathered from studies testing the efficacy of ozone on
dental materials justifies the use of ozone prior to the place-
ment of etchant and sealant. There was no alteration observed
on the physical properties of enamel, dentin including knoop
surface microhardness or contact angle and adhesive restora-
tive materials.37 When applied for prolonged duration; ozone
gas has a strong bactericidal effect on microorganisms within
the dentinal tubules of deep cavities, consequently improving
the clinical success of restorations.38 Crown discoloration of
non-vital teeth is treated after placing bleaching paste in the
pulp chamber followed by ozone exposure for 3–4 min by
the virtue of its oxidation property.32Please cite this article in press as: Tiwari S et al. Dental applications of ozone therapy
doi.org/10.1016/j.sjdr.2016.06.0056.5. Endodontics
Ozone has immense potential to be used as an antimicrobial in
endodontics.39 Ozone is effective when it is prescribed in ade-
quate concentration, time and delivered correctly into root
canals after the traditional cleaning, shaping and irrigation
has been completed. The potential use of ozone gas, ozonated
water and ozonized oil in endodontic therapy has been repeat-
edly reported in the literature.40,41 Intra canal gas circulation
of ozone at a flow rate of 0.5–1 l/min with net volume of
5 gm/ml for 2–3 min showed encouraging results against
pathogenic microbes in the root canal. Ozonated water can
be used as an intracanal irrigant and in infected necrotic
canals, ozonized oils can be used as an intra-canal dressing
reducing the marked anaerobic odor emanating from infected
teeth. When used as an irrigant, ozone encourages tissue regen-
eration and bone healing. Also when a root canal was disin-
fected by ozone water with sonification, the antimicrobial
efficacy was comparable to 2.5% NaOCl.33 Hence in periapical
infections, ozone therapy can increase the scope of non-
surgical management of these lesions.
6.6. Hypersensitive teeth
Tooth structure loss occurring due to multiple factors like
attrition, abrasion, erosion, trauma from occlusion may cause
wearing away of enamel and dentin thereby causing hypersen-
sitivity. Ozone application has been found to effectively reduce
sensitivity of not only exposed enamel and dentin but also in
cases of root sensitivity. 40–60 s application of ozone is found
to instantly reduce pain in these sensitive teeth. Ozone initiates
removal of the smear layer, opens the dentinal tubules and
widens them. On applying remineralizing agent; calcium & flu-
oride ions enters the dentinal tubules easily, readily and com-
pletely, preventing the fluid exchange from these tubules.
Hence, termination of sensitivity occurs following ozone appli-
cation within seconds and also lasts longer than those by con-
ventional methods.42
6.7. Ozone in periodontics
Ebensberger et al.43 evaluated the effect of irrigation with ozo-
nated water on the proliferation of cells in the periodontal liga-
ment adhering to the root surfaces of avulsed teeth. They
concluded that avulsed teeth when irrigated with ozonized
water for 2 min showed effective mechanical cleansing and
root surface decontamination with no adverse effects on the
periodontal cells on the tooth surface.
In a study by Nagayoshi et al.44 dental plaque samples were
treated with 4 mL of ozonated water for 10 s. They observed
that ozonated water was effective in killing gram-positive
and gram negative oral microorganisms and oral C. albicans.
This reflects its potential to control infectious micro-
organisms in dental plaque.
Nagayoshi et al.45 also tested the efficacy of three different
concentrations of ozone water (0.5, 2, and 4 mg/ml in distilled
water) on the time-dependent inactivation of cariogenic, peri-
odontopathogenic and endodontopathogenic microbes (Strep-
tococcus, P. gingivalis and Endodontalis, Actinomyces
actinomycetemcomitans, C. albicans) in culture and in bio-
films. They confirmed that ozonated water was highly effective: A review of literature, The Saudi Journal for Dental Research (2016), http://dx.
Ozone therapy in dentistry 5in killing both gram positive and gram negative micro-
organisms. Gram negative being more sensitive as compared
to gram positive bacteria.
Ramzy et al.46 used 150 ml of ozonized water to irrigate the
periodontal pockets for a duration of 5–10 min once weekly
for four weeks in patients suffering from aggressive periodon-
titis. He achieved highly significant improvement regarding
pocket depth, plaque index, gingival index and bacterial count.
Ozone has also been successfully used as a pretreatment
rinse to irrigate periodontal pockets prior to performing scal-
ing and root planning. Also ozonated oils have showed
improvement in patients with acute necrotizing ulcerative
gingivitis.
6.8. Oral medicine
Several soft tissue lesions i.e. aphthous ulcers, herpes labialis47
have been reported to be effectively treated using ozone ther-
apy. This applicability is attributed to the accelerated healing
properties of the ozone. Holmes et al treated patients with oral
lichen planus by tissue insufflation, injection, cupping and ozo-
nated oil applications. The therapy outcomes were encourag-
ing in these patients with no markable adverse effects unlike
more traditional pharmacological approaches.48
In patients suffering from carinomatous lesions,
chemotherapy and radiotherapy are routinely administered
and it invariably causes mucositis. Ozone therapy applied in
both aqueous and gaseous forms in cases of mucositis has
shown positive results, enabling the patient to eat normally,
and improves the quality of life during oncological therapeutic
interventions.49
6.9. Prosthodontics
Dentures are commonly inhabited by several micro-organisms
especially C. albicans. Denture stomatitis is routinely encoun-
tered in clinical practice which is a manifestation of plaque
accumulation on the surface of the denture and hence effective
denture plaque control should be initiated to prevent such out-
comes. One successful method to do so is the use of ozone as
denture cleaner. It is effective against various microbes adher-
ing on the denture surface including C. albicans50 methicillin-
resistant S. Aureus and viruses.51 It has also been reported that
ozone can be applied for cleaning the surface of removable
partial denture alloys without compromising the physical
properties of the alloy such as reflectance, surface roughness,
and weight.52
Patients suffering from periimplantitis were investigated by
Karapetian et al.53 They compared the effectiveness of conven-
tional, surgical and ozone therapy methods to cure periimplan-
titis. They reported that the main challenge seems to be the
decontamination of the implant surface, its surrounding tissue
and the prevention of recolonization with periodontal patho-
genic bacteria. And the most effective bacterial reduction
was recorded in the ozone-treated patient group.
6.10. Oral surgery
Ozone therapy has a vast range of applications in oral surgery;
be it a simple extraction procedure or a severe jaw infection or
osteotomy procedures. Ozone enhances wound healing,Please cite this article in press as: Tiwari S et al. Dental applications of ozone therapy
doi.org/10.1016/j.sjdr.2016.06.005improves several properties of erythrocytes and facilitates oxy-
gen release in the tissues. This causes vasodilatation and hence
improves the blood supply to the ischemic zones. Therefore, it
can be successfully used in cases of wound healing impairments
following surgical interventions like tooth extractions or
implant dentistry.54 Kazancioglu et al. evaluated the effect of
ozone therapy on pain, swelling and trismus following third
molar surgery and concluded that ozone application effectively
reduced postoperative pain; however it had no effect on swel-
ling and trismus.55
Exposure to medical grade ozone promotes more complete
and rapid normalization of nonspecific resistance and
T-cellular immunity.56 Hence it shows rapid clinical cure and
reduced incidence of complications in patients when used in
patients with chronic mandibular osteomyelitis. When surgical
removal of bone sequestra is carried out, ozone can be used as
an alternative to hyperbaric oxygen therapy owing to its exten-
sive oxidation property and on the fact that ozone contacted
bacteria can be more easily recognized and destroyed by gran-
ulocytes and the complement system. It also increases the
phagocytosis performance of polymorphonuclear cells.57 Also
after performing osteotomies against infections ozonated
water has shown better clinical outcomes when used for pro-
phylactic applications.
Hammuda et al have documented successful use of ozone in
cases of temporomandibular joint arthrocentesis and con-
cluded that it is an effective conservative procedure in the
treatment of internal derangement.58 Ozone has also been rec-
ommended as a therapeutic treatment in cases of bisphospho-
nate related osteonecrosis of jaw.59
6.11. Pedodontics
The basic actions of ozone in almost all branches of dentistry
have been discussed so far. The applications of ozone therapy
in a pediatric practice rely mainly on the fact that ozone appli-
cation is a very quick, effective, easy and especially a painless
procedure to perform. These aspects of the treatment not only
enhance the operator efficiency but also effectively improves
the patient compliance and tolerance to the treatment proce-
dure. Attaining a positive rapport with a child patient is the
key to a successful pediatric treatment which can be very effec-
tively accompanied by using ozone therapy.
Dahnhardt et al.60 treated open carious lesions with ozone
in anxious children. There was near total reduction (93%) of
dental anxiety. The frequently encountered cases in a pediatric
practice are those of trauma to the teeth. A high level of bio-
compatibility of aqueous ozone on human oral epithelial cells,
gingival fibroblast cells, and periodontal cells has been
observed.30,43 Ozonated water is indicated in replantation of
avulsed tooth without any harmful effect on periodontal cells.
6.12. Orthodontics
Teeth bonded with bonding material are reported to have been
affected by some form of enamel opacity after orthodontic
treatment; diffuse opacity being the most common type identi-
fied. Also visible white spot lesions have been seen to develop
within 4 weeks of orthodontic treatment. Although enamel-
bracket interface is the most susceptible area for white spot
lesion formation, microleakage can invade beneath the bracket: A review of literature, The Saudi Journal for Dental Research (2016), http://dx.
6 S. Tiwari et al.area. Thus, enamel prophylaxis is of great importance in
orthodontics.
Ghobashy et al.61 evaluate the effects of ozonized olive oil
gel in reducing enamel demineralization around orthodontic
bracket during orthodontic treatment. The use of ozonized
olive oil gel in addition to the standard oral hygiene regimen
was found to show significantly less decalcification of teeth
among orthodontic patients.
On the other hand, due to its strong oxidizing effect, ozone
might have negative effects on resin tooth adhesion related to
the oxygen inhibition of polymerization. In a recent study,
Cehreli SV et al.62 studied the effects of prophylactic ozone
pretreatment of enamel on shear bond strength of orthodontic
brackets bonded with total or self-etch adhesive systems. They
concluded that enamel pretreatment with ozone did not affect
the shear bond strength of adhesive systems used for bracket
bonding. Moreover, shear bond strength values of the ozone
pretreated specimens were somewhat higher.
7. Conclusion
Ozone therapy has a wide range of applications in almost every
field of dentistry. Its unique properties include immunostimu-
lant, analgesic, antihypnotic, detoxicating, antimicrobial,
bioenergetic and biosynthetic actions. Its atraumatic, painless,
non invasive nature and relative absence of discomfort increase
patient’s acceptability and compliance thus making it an ideal
treatment choice specially for pediatric patients.
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